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CHAPTER I  
INTRODUCTION
The co n cep t o f  community s t r u c tu r e  i s  n o t  new t o  b i o l o g i s t s .  
V ic to r  E , S h e f f i e ld  (1935) re c o g n iz e d  t h a t  in  a  g iv e n  h a b i t a t ,  t a x a  
found  seem t o  o c c u r in  non-random  p a t t e r n s ,  w ith  c e r t a i n  l im i t in g  
f a c t o r s  s e t t i n g  b o u n d a rie s  t o  th e s e  p a t t e r n s .  Odum (1971) d e f in e s  
a  community as "any assem blage  o f p o p u la t io n s  l i v i n g  in  a  p r e s c r ib e d  
a r e a  o r  h a b i t a t " .
A number o f  m ethods f o r  a n a ly s e s  o f  community s t r u c tu r e  have been  
u se d . Among th e  more common i s  th e  in d e x  o f  dom inance in  w hich th e  
im p o rtan ce  v a lu e  o f each  s p e c ie s  i s  m a th e m a tic a lly  d e te rm in e d . The 
in d e x  o f s i m i l a r i t y  betw een two sam ples and  v a r io u s  in d ic e s  o f  s p e c i f i c  
d i v e r s i t y  r e l y  upon numbers o f in d iv id u a l  s p e c ie s  ( i . e . ,  th e  v a r i e t y  
o r  r ic h n e s s  in d ic e s ,  th e  ev en n ess  in d e x , th e  Shannon in d e x ) .
In  th e  l a s t  few  y e a r s ,  th e  p h i c o e f f i c i e n t  h a s  g a in e d  in  u se a g e .
M a th e m a tic a lly , c a l c u l a t i o n  o f  p h i w i l l  g iv e  th e  p r o b a b i l i t y  t h a t  
upon f in d in g  s p e c ie s  A in  one sam ple , s p e c ie s  B w i l l  a ls o  be f o u n d . . 
When 40 s p e c ie s  a re  computed two a t  a  tim e  th ro u g h  a  2x2 c o n tin g e n c y  
t a b l e ,  a  sy m m etrica l m a tr ix  c o n ta in in g  800 p o s s ib le  co m b in a tio n s o c c u rs  
(b ecau se  th e  p r o b a b i l i t y  t h a t  AxB e q u a ls  th e  p r o b a b i l i t y  t h a t  BxA, 
o n ly  o n e -h a lf  o f th e  1600 p o s s ib le  c o m b in a tio n s  a re  n e e d e d ). The a id
o f a  com puter was e n l i s t e d ,  and th e  d a ta  from  th e  p h i c o e f f i c i e n t
m a tr ix  was p lo t t e d  u s in g  th e  unw eigh ted  p a i r  g roup  m ethod o f  c l u s t e r
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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a n a ly s e s  a s  o u t l in e d  by Roback, C a irn s , and K a e s le r  ( I 9 6 9 ) .  The 
r e s u l t i n g  dendrogram s d i s p la y  v a r io u s  l e v e l s  o f a s s o c ia t io n s  o c c u r r in g  
among g ro u p s o r  a g g re g a tio n s  o f in d iv id u a l  s p e c ie s .
The pu rpose  o f  t h i s  i n v e s t i g a t i o n  was t o  d e s c r ib e  a  community o f 
b e n th ic  i n s e c t s  ta x o n o m ic a lly , and to  d is c o v e r  a s s o c ia t io n s  among 
in d iv id u a l  s p e c i e s . B io lo g ic a l  a s s o c ia t io n s  w ere w orked o u t by  
a n a ly z in g  th e  stom ach c o n te n ts  o f  th e  i n s e c t s .  S t a t i s t i c a l  
a s s o c ia t io n s  w ere found  u s in g  th e  c o r r e l a t i o n  c o e f f i c i e n t  p h i ( 0 ) .  
S i m i la r i t y  o f  s i t e s  was d e te rm in e d  u s in g  a  s i m i l a r i t y  in d ex  (S ) ,
The s tre a m  s e le c te d  f o r  s tu d y  was Ic e b e rg  (W ilbu r) G reek , w hich  flo w s 
e a s t  from  Ic e b e rg  Lake in  th e  Many G la c ie r  V a lle y  i n  G la c ie r  N a tio n a l  
P a rk , M ontana. The t o t a l  d i s ta n c e  s tu d ie d  was a p p ro x im a te ly  5 -5  
m ile s .  The s tream  dropped  a p p ro x im a te ly  I 5 OO f e e t  in  e le v a t io n  
betw een i t s  o r ig in  a t  th e  la k e  and th e  bo ttom  o f th e  Many G la c ie r  
V a l le y , An a lp in e  s tre a m  was s e l e c te d  f o r  two re a s o n s :  f i r s t ,  an 
a lp in e  s i t u a t i o n  sh o u ld  r e p r e s e n t  th e  m ost p r im i t iv e  ty p e  o f community 
s t r u c t u r e .  The r e l a t i v e  g e o lo g ic  y o u th , p recam b rian  ro ck  s u b s t r a t a ,  
and c o ld  te m p e ra tu re s  a c t  t o  slow  th e  e v o lu t io n  o f th e  community. 
Second, th e  a re a  i s  i n  p r i s t i n e  c o n d it io n  and s t i l l  r e l a t i v e l y  
u n a l te r e d  by  man.
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Map no. 1. The Many Glacier valley. Sample sites along Wilbur creek 
shown at numerals.
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CHAPTER I I  
DESCRIPTION OF STUDY SITES
The Many G la c ie r  V a l le y  l i e s  on th e  e a s t  s lo p e  o f  th e  C o n t in e n ta l  
D iv id e  i n  th e  N o r th e a s t  s e c t o r  o f G la c ie r  N a t io n a l  P a rk , M ontana, 
I c e b e rg  C reek  o r ig in a te s  a t  I c e b e rg  Lake in  a  s m a ll  a lp in e  c irq u e  
a t  6080 f e e t  e le v a t io n  in  th e  Many G la c ie r  V a l le y .  The la k e  i s  a m ic t ic  
and rem ains f ro z e n  most o f  th e  y e a r ,  th e  ic e  c o v e r  r e t r e a t i n g  f o r  o n ly  
a  few  weeks d u r in g  A u g u st. T here  a re  n e a r ly  a lw ays l a r g e  p ie c e s  o f  
i c e  f l o a t i n g  ab o u t i n  th e  l a k e ,  and th e  te m p e ra tu re  r a r e l y  r i s e s  above 
two o r  th r e e  d e g re e s  C e ls iu s .  The la k e  l i e s  i n  a  sm a ll  c irq u e  
form ed by  w a l ls  o f  p recam b rian  a r g e l l i t i c  l im e s to n e  ro c k s  o f th e  B e l t  
s e r i e s ,  p a r t i c u l a r l y  S iy e h  l im e s to n e , w hich r i s e  ab o u t 1 ,000  f e e t  above 
th e  l a k e .  Along th e  t r a i l  from  Ic e b e rg  Lake th e  o th e r  la y e r s  o f  ro ck  
in  th e  B e lt  s e r i e s  become a p p a re n t:  r e d  G r in n e l l  a r g i l l i t e ,  g re e n  
Appekunny a r g i l l i t e ,  and A lty n  l im e s to n e  fo rm ing  th e  b a se  o f th e  v a l l e y .
The a r e a  e x h ib i t s  t y p i c a l  a lp in e  v e g e ta t io n  w ith  Krumholz 
com m unities o f a ld e r  ( A lnus s p . ) and w h ite b a rk  p in e  ( P in u s a l b i c a u l i s ) 
d o m in a tin g  th e  c irq u e  v e g e ta t io n .  As one p ro g re s s e s  tow ard  S w if t -  
c u r r e n t  L ake, a  t r a n s i t i o n  t o  v e g e ta t io n  t y p i c a l  o f  th e  C anadian  biome 
becom es a p p a re n t w ith  Engelmann sp ru c e  ( P ic e s  en g lem an n i) and D ouglas 
f i r  ( P seu d o tsu g a  m e n z ie s i i ) com m unities d o m in a tin g .
F iv e  o f  th e  o r i g i n a l  s i t e s  w ere s e l e c te d  f o r  s t a t i s t i c a l  and 
b i o l o g i c a l  a n a ly s e s .  S i t e  1 , a t  I c e b e rg  L ake, was o m itte d  b e ca u se  
t h i s  i n v e s t i g a t i o n  was d e s ig n e d  t o  in c lu d e  th e  s tre a m -d w e ll in g  fo rm s
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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o n ly . See map nxnnber one f o r  p lacem en t o f s i t e s .  The te rm s u se d  in  
d e s c r ib in g  s u b s t r a t e  a t  each  s i t e  a re  d e s c r ib e d  by  L a g le r  (1952) i n  
h i s  p u b l ic a t io n ,  "F re sh w a te r F is h e ry  B io lo g y " .
S i t e  Two
S i t e  2 was e s t a b l i s h e d  a p p ro x im a te ly  50 m e te rs  below  th e  o u t l e t  
from  th e  low er s e c t io n  o f  I c e b e rg  Lake p ro p e r .  The s u b s t r a t e  i s  
composed m ain ly  o f s h e e ts  o f a r g i l l i t i c  b e d ro c k , ro c k s ,  and some 
r u b b le .  Sm all r i f f l e s  and ru n s  p re d o m in a te . T here a re  a  few l a r g e  
b o u ld e r s  and a  l i t t l e  g r a v e l  on th e  s u b s t r a t e .  The s tre a m  i s  w ide and 
sh a llo w  and th e  w a te r  o f u n ifo rm  d e p th . A ld e r  (A lnus s p . ) ,  v a r io u s  
se d g e s , and th e  monkey f 1 ow er(M im ulus) a re  found  a lo n g  th e  b an k .
S i t e  T hree
S i t e  3 was lo c a te d  a p p ro x im a te ly  4 ,1 6  k i lo m e te r s  dow nstream  from  
s i t e  2 .  I t  i s  e a s i l y  re a c h e d  by  fo llo w in g  th e  s e r v ic e  ro ad  from  th e  
campground t o  a  p o in t  a lo n g  th e  s tre am  w hich ho u ses th e  c o n c re te  in ta k e  
flum e w hich i s  th e  m ajor w a te r  so u rc e  f o r  th e  Many G la c ie r  H o te l  and 
campground com plex. The s tream  i s  narrow  w ith  l a r g e  b o u ld e rs  and ro c k s  
fo rm ing  th e  s u b s t r a t e .  R ap ids and r i f f l e s  p red o m in a te . T here  a re  few  
p o o ls .  The w a te r  i s  n o t o f u n ifo rm  d e p th . A ld e r  bu sh es and lo d g e p o le  
p in e  (P in u s  c o n to r ta ) p ro v id e  much shade t o  t h i s  s t r e t c h  o f s tre a m .
S i t e  Four
S i t e  4  was lo c a te d  abou t 900 m e te rs  above th e  Many G la c ie r  
Campground. The s tre a m  a t  t h i s  p o in t  i s  w id e , sh a llo w , and o f u n ifo rm  
d e p th . Few b o u ld e rs  a re  p re s e n t  and many r i f f l e s  and ru n s  p red o m in a te . 
The s u b s t r a t e  m a te r i a l  i s  m o stly  g l a c i a l  t i l l  w hich was d e p o s i te d  by 
th e  re c e d in g  g l a c i e r .  The s u b s t r a t e  i s  u n s ta b le  b ecau se  o f  i t s  r e c e n t  
g e o lo g ic  p a s t  and s t i l l  b e a r s  s c a r s  from  r e c e n t  s h i f t i n g  o f th e  s tre a m
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c o u rs e .
S i t e  F iv e
S i t e  5 was j u s t  b e h in d  and u p stream  from  Many G la c ie r  Campground. 
G e o lo g ic a l ly  i t  e x h ib i t s  an u n s ta b le  s u b s t r a t e  w hich i s  composed o f  
b o u ld e r s ,  ro c k s , r u b b le ,  and sa n d . T here  a re  r i f f l e s ,  r u n s ,  and a  few  
d eep  a re a s  in  w hich some sand  and s i l t  have a ccu m u la ted . I n  1964 th e  
s p r in g  p e r io d  o f h ig h  w a te r  d e p o s i te d  lo g s  and b o u ld e r  m a te r ia l  w hich  
a re  s t i l l  e v id e n t  a lo n g  th e  banks u p stream  from  t h i s  p o in t  t o  a  p o in t  
a p p ro x im a te ly  250  m e te rs  below  s i t e  3-
S i t e  S ix
S i t e  6 was lo c a te d  a t  th e  e a s t e r n  t i p  o f th e  cam pground. The 
s tre a m  i s  w ide , w ith  v a r i a b le  d e p th , and a ls o  e x h ib i t s  s h i f t i n g  
s u b s t r a t e  b ecau se  o f g l a c i a l  t i l l  c o m p o s itio n . T here  a re  sa n d b a rs  
a t  v a r io u s  p o in ts  a lo n g  th e  f lo w . The s u b s t r a t e  i s  dom inated  by 
r i f f l e s ,  ru n s ,  and deep  p o o ls ,  a lth o u g h  a re a s  o f mud and s i l t  
d e p o s i t io n  o c c u r .
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CHAPTER I I I  
METHODS AND MATERIALS
Sam pling th e  B io ta  
The in s e c t  fa u n a  was sam pled w ith  a  hand  s c r e e n .  The i n v e s t i g a t o r  
k ick e d  up  b e n th ic  m a te r i a l  and c o l l e c t e d  i n s e c t s  from  th e  n e t  w ith  BB 
f o r c e p s ,  s to r in g  them  im m ed ia te ly  i n  4-dram  s h e l l  v i a l s  c o n ta in in g  
70^ e th y l  a lc o h o l  t o  w hich 10 ml g ly c e r in  had  been added p e r  g a l lo n  o f 
a lc o h o l .  The a d d i t io n  o f g ly c e r in  In s u re d  p l i a b i l i t y  o f  th e  i n s e c t s  
w hich a id e d  in  taxonom ic d e te rm in a t io n .  One dow el o f  th e  hand s c re e n  
was c a l i b r a t e d  t o  1 -c e n t im e te r  u n i t s  t o  a llo w  re c o rd in g  o f th e  a v erag e  
d e p th  a t  each  s i t e .  Maximum and minimum d e p th s  o f  sam ple a re a s  w ere 
ta k e n  and th e  av erag e  re c o rd e d . A 5 0 - fo o t  p ie c e  o f 500 l b .  t e s t  n y lo n  
l i n e  was c a l i b r a t e d  t o  m e te rs  t o  m easure th e  s tre a m  w id th s .
C hem ical A na ly ses 
C hem ical a n a ly s e s  w ere acco m p lish ed  by  u s in g  w et ch em ic a ls  from  
th e  Hach Co. At each  s i t e  d is s o lv e d  oxygen, m eth y l o range and 
p h e n o lp h th a le in  a l k a l i n i t i e s ,  and f r e e  carbon  d io x id e  w ere r e c o rd e d .
The a i r  and w a te r  te m p e ra tu re s  w ere ta k e n ,  (S ee  T ab le  3 ) At each  s i t e  
th e  number o f  s c re e n in g s  depended  on th e  b iom ass and d i v e r s i t y  
re c o v e re d . The i n v e s t i g a t o r  s c re e n e d  u n t i l  co n v in ced  t h a t  a l l  p o s s ib le  
h a b i t a t s  had  been  c o l l e c t e d  a t  each  s i t e .
I d e n t i f i c a t i o n
I d e n t i f i c a t i o n  o f  th e  i n s e c t  fa u n a  in c lu d e d  th e  u se  o f a  Bausch 
and Lomb d i s s e c t in g  m ic ro sc o p e .
8
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Sam pling
P h y s ic a l  and ch em ica l p a ra m e te rs  w ere re c o rd e d  a t  each  sam pling  
p e r io d .  Each s i t e  was v i s i t e d  a t  l e a s t  fo t ir  t im e s  d u r in g  th e  p e r io d  
from  J u ly  9 , 1972, t o  A p r i l  24 , 1973* The f i r s t  sam pling  to o k  p la c e  
J u ly  9» th e  second  J u ly  1 7 , th e  t h i r d  J u ly  24 , th e  f o u r th  A ugust 3 , 
th e  f i f t h  Sep tem ber 2 , th e  s i x t h  O cto b er 2 , and th e  se v en th  on 
A p r i l  27 o f  th e  fo llo w in g  s p r in g .  Each sam pling  p e r io d  c o n s is te d  of 
two d a y s . On th e  f i r s t  d a y , s i t e s  5 and 6 w ere sam pled . The second  
d ay  was r e q u ir e d  t o  com plete  th e  f i v e  m ile  h ik e  i n to  Ic e b e rg  c i r q u e .
W eather C o n d itio n s  
The summer o f 1972 was c o o le r  th a n  n o rm al. The f i r s t  th r e e  
sam pling  p e r io d s  to o k  p la c e  u n d er s l e e t  and b l i z z a r d  c o n d i t io n s .  The 
w a te r  te m p e ra tu re  rem ained  a t  o r  n e a r  0 °  C e ls iu s  p resum ably  f o r  a  
lo n g e r  th a n  norm al p e r io d .  B ecause w a te r  te m p e ra tu re  i s  th o u g h t t o  
be  one o f th e  c r i t i c a l  f a c t o r s  c o n t r o l l i n g  i n s e c t  em ergence, i t  i s  
p o s s ib le  t h a t  th e  em ergence p a t t e r n s  w ere l a t e r  th a n  n o rm al.
S t a t i s t i c a l  A na ly ses 
Two s t a t i s t i c a l  t e s t s  w ere u sed  t o  d is c o v e r  a s s o c ia t io n s  betw een 
th e  a q u a t ic  i n s e c t s .
The S i m i l a r i t y  C o e f f i c ie n t  (S)
The s i m i l a r i t y  c o e f f i c i e n t  (S ) was computed u s in g  th e  fo rm u la :
Where A = Number o f s p e c ie s  i n  s i t e  A 
S = 2C Where B = Number o f s p e c ie s  in  s i t e  B
A+B W here C = Number o f  s p e c ie s  common t o  b o th
T h is  c o e f f i c i e n t  was chosen  a s  i t  a p p e a rs  in  F undam en tals o f E co logy
(Odum, 1 9 7 2 ) and was s e l e c te d  b ecau se  o f i t s  s i m p l i c i t y .
The A s s o c ia t io n  C o e f f ic ie n t
The a s s o c ia t io n  c o e f f i c i e n t  p h i  (0 )  was a ls o  chosen  b ecau se  o f  i t s
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r e l a t i v e  s i m p l i c i t y .  I t  i s  b a se d  on th e  d e c i s io n  t h a t  e i t h e r  a  s p e c ie s  
i s  p r e s e n t ,  o r  i s  n o t ,  and e l im in a te s  a  g r e a t  d e a l  o f  tim e  t h a t  m ight 
o th e rw ise  be sp e n t c o u n tin g  i n s e c t s .  On th e  o th e r  h an d , one m ust keep  
in  mind t h a t  he i s  l im i t e d  t o  th e  ty p e  o f f re q u e n c y  d a ta  he can o b ta in  
from  t h i s  fo rm u la . The c o e f f i c i e n t  was com puted u s in g  th e  fo llo w in g  
f u n c t io n  :
-4- —
0
—f—
A B (A+B)
C ' D (C+D)
KA+B) (B+D) N
AB-BC
(A+B) (C+D) (A+C) (B+D) ■ ¥
A com puter program  was th e n  w r i t t e n  ( s e e  Appendix B) f o r  th e  f u n c t io n :
¥
X w hich would compute th e  p h i c o e f f i c i e n t .  The same program  p r in te d  
N
ou t th e  r e s u l t i n g  c o e f f i c i e n t s  i n  o rd e r  o f m agnitude from  l e a s t  (0 .0 0 0 ) 
t o  h ig h e s t  p r o b a b i l i t y  (l.O O O ), Dendrogram s w ere th e n  c o n s t ru c te d  to  
i l l u s t r a t e  th e  c lu s te r in g  o f  th e  s p e c ie s .  The p h i c o e f f i c i e n t  y i e ld s  
th e  p r o b a b i l i t y  t h a t  g iv e n  s p e c ie s  A, s p e c ie s  B w i l l  ap p ea r in  th e  
same sam ple .
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CHAPTER IV 
RESULTS
A b io t ic  
C hem ical A nalyses 
C hem ical a n a ly s e s  w ere done t o  make c e r t a i n  t h a t  th e  chem ica l 
env ironm en t rem ained  c o n s ta n t .  The r e s u l t s  o f th e  a n a ly s e s  in d ic a te  
t h a t  th e  chem ica l c o n d it io n s  d id  n o t  v a ry  t o  a  s i g n i f i c a n t  d e g re e  and 
f e l l  i n t o  norm al ran g e  f o r  o l ig o t r o p h ic  w a te r s .  These d a ta  compare 
f a v o ra b ly  w ith  t e s t s  ru n  d u rin g  th e  summer o f 1970 by th e  Psirk 
S a n i ta r ia n  ( S o n s te l ie  1 9 7 0 ). R anges o f v a lu e s  f o r  W ilb u r C reek ap p ea r 
in  T ab le  1 .  A l l  c o n c e n tr a t io n s  a re  re c o rd e d  i n  p a r t s  p e r  m i l l io n  (ppm),
S tream  W id ths and D epths 
The w id th  and av erag e  d e p th  o f th e  w a te r  a t  each  s t a t i o n  w ere 
re c o rd e d  a t  each  sam pling  p e r io d .  The d e p th s  re c o rd e d  r e f l e c t  th e  
s p e c i f i c  a r e a  sam pled . They do n o t i n d ic a t e  an a c c u ra te  maximum and 
minimum d ep th  o f  th e  s tre a m  a s  a  w ho le , b u t  in d ic a te  th e  range  i n  w hich 
t h a t  community o f i n s e c t s  was fo u n d . The v a lu e s  found  d u r in g  th e  
summer o f  1972 and s p r in g  o f 1973 ap p ea r i n  T ab le  2 .
T em p era tu res
B oth a i r  and w a te r  te m p e ra tu re s  w ere re c o rd e d  a t  each  sam pling  
p e r io d  and a p p ea r in  T ab le  3*
11
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Table 1. Water chemistry analyses for Wilbur creek for the summer of 1972,
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CABLE 1 
WATER QffiKLSi'RIES
1 3
CMO-
r HCM
CO O
9 .8D isso lv e d  Oxygen
2 .5F ree  Carbon D io x id e
P h e n o l i^ th a le in  A lk a l in i ty
L ebhyl Orange A lk a l in i ty
S i t e  N o .3
CMO-
CM
O
CO
8 . 1 9 .2D isso lv e d  Oxygen
2 ,03 .5F re e  C arbonD ioxide
P h e n o lii ib h a le in  A lk a l in i ty 0 . 00 .0
M ethyl Orange A lk a l in i ty
7 .3
S i t e  No, 4
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OJ oI—\00
1 0 .49 .2D isso lv e d  Oxy^en
2 . 02 . 0F ree  Carbon D iox ide
P h e n o lp h th a le in  A lk a l in i ty 0 . 00 .0
M ethyl Orange A lk a l in i ty
7 .5
S i t e  No. 5
OJ
CM
0Û or Ho\
8 .4D isso lv e d  Oxygen
t rF re e  Carbon D iox ide
0 .0 0 .00 .0P h e n o lp h th a le in  A lk a lin i i .y
'e th y l  Orange A lk a l in i ty
7 .3
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Table 2, Stream widths and depths for Wilbur Creek durin, summer of 1 9 7 2. ^
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T ab le  2 
P h y s ic a l  P e ra m e te rs
(H
en
6 .0STREAM WIDiTH (M)
STREAM DEPTH (DCM) 2 . 0- 5 .0  1 . 0- 3 .0
6 .5  5*5STREAM WIDTH (M)
1 .3 -3 .7STREAM DEPTH (DCM)
7 .07 .0STREAM WIDTH ( ' )
1 . 5- 2 .02 .0 - 3 .5  1 . 0 - 2 . 5 -STREAM DEPTH (DCM)
8 .5STREAM w id t h  (M)
S 'REAM DEPTH (DQ-î)
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Table 3« Air and water temperatures for Wilbur Creek during the 
summer of 1972.
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B io lo g ic a l
The r é s u l t a  o f  th e  b i o lo g i c a l  d a ta  w i l l  be c o n s id e re d  in  two p h a se s . 
The f i r s t  phase d e a l s  w ith  th e  m ic ro s c o p ic a l  e x am in a tio n  o f i n s e c t  
stom ach c o n te n ts ,  and th e  second  w ith  s t a t i s t i c a l  c o r r e l a t i o n s .
Gut A n a ly ses
S p e c ie s  w hich w ere found  t o  c o n ta in  p a r t s  o f o th e r  i n s e c t s  o n ly  
w ere c o n s id e re d  s t r i c t  c a r n iv o r e s .  These in c lu d e d  I s o p e r l a  e b r i a  a t  
s i t e  2 , S i t e  5» how ever, e x h ib i te d  E p h em ere lla  A e d d s i i . P aransvche  
e l s i s . R h v aco p h ila  v a c c u a . and p o s s ib ly  R, t u c u la  w ere found  t o  be 
s t r i c t  c a r n iv o r e s .  Those stom achs exam ined c o n ta in in g  b o th  p la n t  and 
an im a l m a t te r  w ere c o n s id e re d  b e lo n g in g  to  om nivores and o c c u rre d  w ith  
g r e a t e r  f re q u e n c y  th a n  th e  c a r n iv o r e s .  T hese in c lu d e d  Arcenoptervx* 
w a b e r te n i .  A, b r a d l e v i . [ p a r a p e r la  b r e v i s ,  R h v aco p h ila  a c c ro p e d e s . 
R h v aco p h ila  h v a l i n a t a . and R. v a c c u a . I f  p l a n t  m a te r ia l  o n ly  was fo u n d , 
th e  i n s e c t  was deemed an h e rb iv o r e ,  a s  i n  th e  ca se  o f C apn ia  s p e n c e r i  
and C inygm ula s p . O ften  h e rb iv o re s  w ere found  t o  c o n ta in  i d e n t i f i a b l e  
rem nan ts o f  f i la m e n to u s  a lg a e  i n  th e  a n t e r i o r  p o r t io n  o f th e  g u t 
i n d ic a t i n g  in g e s t io n  o f  l i v i n g  p la n t  m a te r i a l  as w e l l  a s  dead  l e a f  
m a te r i a l  i n  th e  same r e g io n .  A p p a re n tly  th e  i n s e c t s  w ere g ra z in g  an 
a r e a  and consuming a l l  p la n t  m a te r i a l  e n c o u n te re d . In c lu d e d  i n  t h i s  
ty p e  f e e d e r s  were Nemoura co lu m b ian a . N. h a v s i i . R ith ro g e n ia  r o b u s ta . 
E peorus d e c e p t iv u s . and E . g r a n d i s . T h is ,  p e rh a p s , i s  a  mechanism t o  
s p e a r a te  n ic h e s  among th e  h e r b iv o r e s .  F o r th e  p u rp o ses  o f  t h i s  s tu d y , 
how ever, b o th  f e e d e r s  w ere c o n s id e re d  h e r b iv o r e s .  The r e s u l t s  o f  th e  
a n a ly s e s  ap p ea r i n  T ab le  4 .  The raw d a ta  a p p ea r i n  th e  app en d ix  
(A ppendix  B ) .
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In fo rm a tio n  on fo o d  o f a q u a t ic  i n s e c t s  g a in e d  by  e x am in a tio n  o f 
g u t  c o n te n ts  i s  somewhat s c a rc e  i n  th e  l i t e r a t u r e .  Hynes (1971) h as  an 
e x tre m e ly  good l i t e r a t u r e  re v ie w  on th e  s u b je c t  and i s  th e  so u rc e  o f 
th e  fo l lo w in g  in fo rm a tio n .  Hynes (1941) and Chapman and Demory ( I 9 6 3 ) 
have r e p o r te d  a  m ajo r c o n s t i t u e n t  o f  th e  d i e t  o f  nem ourid  s t o n e f l i e s  
and some T r ic h o p te r a  a s  b e in g  m o sses. Hynes h a s  found  d e t r i t i s  in  th e  
g u t o f b a e t id  m a y f l ie s .  A ccord ing  t o  L loyd ( I 9 2 I ,  S la c k  (1936) and 
N ie ls o n  (1 9 4 2 ) , dead  le a v e s  and w a te r -s o a k e d  wood a re  common c o n s t i tu e n t s  
o f th e  d i e t s  o f  l im n e p h i l id  c a d d i s f l i e s ,  th e  s to n e f ly  genus P te ro n a rc y s  
(M uttkow ski and S m ith , 1 9 2 9 ), and f i l i p a l p i a n  s t o n e f l i e s  (H ynes, 1 9 4 1 ). 
Work i n d i c a t e s  t h a t  p l a n t  d e b r i s ,  m in e ra l  p a r t i c l e s ,  d ia to m  f r u s t u l e s ,  
and l e a f  t i s s u e  s e rv e  a s  th e  main f o o d s tu f f  i n  th e  d i e t  o f m ost a q u a t ic  
i n s e c t s  (B e n g tsso n , 1924; W issm eyer, 1926; S la c k , 1936; Moon, 1939;
H ynes, 1941, 1963; J o n e s ,  1949» 1950; Brown, I 9 6 I ;  W arren e t  a l ,  1 9 6 O; 
Chapman and Demory, I 9 6 3 ) . Though many ephem erop teran  s p e c ie s  seem to  
be v e g e ta r ia n  (D erange, I 9 6 O ), M uttkow ski and S m ith  (1 9 2 9 ), and W arren 
( i 9 6 0 ) r e p o r t  E p h em ere lla  d o d d s i i  a s  b e in g  " e n t i r e l y  c a rn iv o ro u s " .
The r e s u l t s  o f th e  g u t  a n a ly s e s  a p p ea r in  t a b u l a r  form  in  T a b le s  
10 and 1 1 . The m ost common f o o d s tu f f  fo u n d  in  th e  g u t was o rg a n ic  
m a t e r i a l .  They in c lu d e d  E peo rus g ra n d is  w hich f e d  on 80-100^ o rg a n ic  
d e b r i s ;  E , d e c e p t iv u s . 5 0 -7 5 ^ ; and B a e t is  b ic a u d a tu s . 50-97^» A l l  form s 
exam ined a t  s i t e  2 c o n ta in e d  some o rg a n ic  d e b r i s  and seemed t o  v a ry  
t h e i r  d i e t s  w ith  d ia to m s , f i la m e n to u s  a lg a e ,  and some s o r t  o f  an im al 
m a t e r i a l .  At b o th  s i t e s ,  d ip te r a n  o f th e  fa m ily  T en d ip ed id ae  s e rv e d  a s  a  
common so u rc e  f o r  an im al m a te r i a l ,  w ith  th e  E phem erop tera , T r ic h o p te r a ,
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and P le c o p te r a  fo l lo w in g  in  f re q u e n c y .
The P le c o p te r a  as a  g roup  e x h ib i te d  v a r i e d  d i e t s .  Some were 
t o t a l l y  o rg a n ic  d e t r i t i s  f e e d e r s  a t  s i t e  5» b u t  a t  s i t e  2 th e  same 
s p e c ie s  v a r ie d  th e  d i e t  w ith  d ia to m s and f i la m e n to u s  a lg a e .  The d i e t  
o f  P e l t a p e r l a  b r e v i s  in c lu d e d  50-90^ o rg a n ic  m a te r ia l  w ith  f i la m e n to u s  
a lg a e  and T en d ip ed id ae  la r v a e  found  o c c a s io n a l ly .  A rcvnop tervx  
w a te r to n i . found  o n ly  a t  s i t e  5» fe d  on o rg a n ic  d e b r i s  (15-60^) 
d ia to m s (1 0 -2 0 ^ ) , and f i la m e n to u s  a lg a e  ( 1 - 5 ^ ) ,  and up  t o  $0^ an im al 
m a t e r i a l .  Anim al m a te r ia l  in c lu d e d  u n i d e n t i f i a b le  p ie c e s  and p a r t s  o f 
th e  o rd e r s  P le c o p te r a ,  E phem erop tera , T r ic h o p te r a ,  and D ip te ra  
(T e n d ip e d id a e ) . O ften  m o u th p a rts , w hole s c l e r i t e s ,  and c r a n ia  w ere a l l  
t h a t  rem ained  in  th e  g u t m aking d e f i n i t i v e  i d e n t i f i c a t i o n  d i f f i c u l t  a t  
b e s t .  The i n v e s t i g a t o r  found  i t  n e c e s s a ry  t o  i l l u s t r a t e  th e s e  p a r t s  
w hich w ere found  t o  be th e  m ost p e r s i s t e n t  in  th e  g u t .  These u s u a l ly  
in c lu d e d  th e  m an d ib les  and m a x i l la e ,  th e  c r a n ia ,  a n a l  p ro le g s ,  and 
t a r s a l  c la w s. R e fe ren c e  i l l u s t r a t i o n s  a p p e a r in  F ig u re s  8 -  15 .
A rcvnop tervx  b r a d l e v i . found  o n ly  a t  s i t e  2 , e l im in a te d  o rg a n ic  
d e b r i s  from  th e  d i e t ,  p r e f e r r in g  an im al m a te r ia l  ( 90^ )  w ith  some d ia to m s 
and f i la m e n to u s  a lg a e  p r e s e n t .  A. w a te r to n i  f e d  t o  a  much g r e a t e r  
d e g re e  on v e g e ta b le  m a t te r ,  how ever A. b r a d le v i  was found  to  c o n ta in  
t r i c h o p t e r a  p a r t s  u n l ik e  A. w a te r to n i  w hich  n e v er ev id en ced  th e s e  
i n s e c t  rem n a n ts . F u r th e r  r e s e a r c h  i s  needed  t o  d e te rm in e  fe e d in g  
r e l a t i o n s h i p s  and p o s s ib le  c o m p e ti t io n  a t  th e  a r e a  o f  range  o v e r la p  
betw een  th e  two s p e c ie s  o f A rcy n o p te ry x . B ecause o f th e  p re s e n t  s t a t e  
o f  th e  taxonomy o f  th e  a q u a t ic  i n s e c t s  o f  th e  a r e a ,  th e  a l l o p e r l i d  s to n e ­
f l i e s  c o u ld  n o t  be i d e n t i f i e d  t o  s p e c ie s .  However, th e  d a ta  i n d ic a t e  
t h a t  A l lo p e r la  ( b o r e a l i s  f i d e l i s  com plex) and th e  one sam ple o f
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A l lo p e r l a  s p .  a t  s i t e  2 r e l y  on d ia to m s , f i la m e n to u s  a lg a e ,  p o l le n ,  
and o rg a n ic  d e b r i s  w ith  some an im al m a te r ia l  (T en id p ed id ae )  p r e s e n t .
The o th e r  a l l o p e r l i d s  exam ined a t  s i t e  5 f e d  on o th e r  P le c o p te r a .
The l a s t  two s p e c ie s  o f  s t o n e f l i e s  exam ined w ere members o f  th e  genus 
I s o p e r l a .  I s o p e r l a  e b r i a  f e d  on d ia to m s (5 -4 0 ^ ) and o rg a n ic  m a te r ia l  
(4 0 ^ ) ,  m a y f l ie s  (up  t o  6 0 ^ ) , w ith  f i la m e n to u s  a lg a e  and p o l le n  a p p e a rin g  
t o  be o f  se co n d a ry  im p o rta n c e . The s in g le  sam ple o f I .  s o rd id a  
c o n ta in e d  o n ly  o rg a n ic  m a te r i a l .
W ith  two e x c e p tio n s ,  th e  E phem erop tera  w ere h e r b iv o r e s .  The d i e t  
o f E p h em ere lla  d o d d s i i  c o n s is te d  a lm o st e n t i r e l y  o f  an im al m a te r ia l  
w ith  T en d ip ed id ae  (up  t o  90^) a s  th e  p r e f e r r e d  p re y . However, 
E phem erop tera  and P le c o p te r a  nymphs w ere found  in  th e  g u t o c c a s io n a l ly  
and $ -60^  o rg a n ic  m a te r i a l  was fo u n d . E p h em ere lla  c o lo r a d e n s is 
e v id e n c e d  a p p ro x im a te ly  70^  an im al m a te r i a l  i n  one g u t sam ple , b u t 
c o n c e n tra te d  on o rg a n ic  m a te r i a l  (38 -100^) and f i la m e n to u s  a lg a e  (1 0 ^ ) .  
The o th e r  fo rm s ( i . e . ,  C inygm ula s p . ,  R i th ro g e n ia  r o b u s ta . E peorus 
d e c e p t iv u s . E peorus g r a n d i s . B a e t is  b ic a u d a tu s ) w ere found t o  c o n ta in  
e n t i r e l y  p la n t-b a s e d  fo o d  ( l iv i n g  o r  dead  p la n t  m a t t e r ) .  C inygm ula sp . 
f e d  o n ly  on o rg a n ic  m a t te r  and in  one in s ta n c e  o f  th e  c o n te n ts  o f  
one stom ach c o n s is te d  o f  d ia to m s . R i th ro g e n ia  r o b u s ta  a ls o  f e d  on 
o rg a n ic  m a t te r ,  b u t v a r ie d  th e  d i e t  w i th  f i la m e n to u s  a lg a e  and p o l le n .  
E peorus d e c e p tiv u s  and E peorus g ra n d is  e x h ib i te d  no p re fe re n c e  f o r  
d ia to m s , b u t  o rg a n ic  m a te r i a l  ap p ea re d  to  compose $0-100^ o f  th e  g u t 
c o n te n t .  B a e t is  b ic a u d a tu s  a l s o  p r e f e r r e d  o rg a n ic  m a te r ia l  (50 -90^) 
b u t  c o n ta in e d  f i la m e n to u s  a lg a e  (u p  t o  20^) and b ry o p h y te  m a te r i a l  
a s  w e l l .  At s i t e  2 , f i la m e n to u s  a lg a e  was fe d  upon w ith  g r e a t e r  
f re q u e n c y  a t  th e  low er s i t e .
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The T r ic h o p te r a  examined, w ere c a r n iv o re s  w ith  l i t t l e  p re fe re n c e  
f o r  fe e d in g  on v e g e ta b le  m a t t e r .  Only P arap sy ch e  e l s i s . A rc topsvche  
g r a n d i s , and R h v a co p h ila  a cc ro p e d e s  e x h ib i te d  a  ten d en cy  to  fe e d  on 
v e g e t a t i o n .  One sam ple o f P arap sy ch e  e l s i s  was found  t o  c o n ta in  
f i la m e n to u s  a lg a e  ( 2 ^ ) ,  A rc to p sv ch e  g ra n d is  v a r ie d  an o th e rw ise  
c a rn iv o ro u s  d i e t  w i th  d ia to m s and f i la m e n to u s  a lg a e .  R hv aco p h ila  
a c c rd p e d e s  a p p e a re d  t o  have a  more g e n e ra l  d i e t  c o n c e n tra t in g  on 
o rg a n ic  d e b r i s  (2 0 -1 0 0 ^ ) , d ia to m s (5^)»  and an im al m a te r ia l  ( P le c o p te r a  
80^ in  one sam p le , and T r ic h o p te r a  25^ i n  a n o th e r ) ,  R h vacoph ila  
h v a l i n a t a  ap p ea red  t o  be c a rn iv o ro u s  (a n im a l m a te r ia l  p ro v id ed  30^ o f  
one sam p le , a s  was R h v aco p h ila  t u c u l a .  Sam ples o f  R. tu c u la  c o n ta in e d  
up t o  70^ P le c o p te r a  p a r t s .  R h v aco p h ila  v accu a  fe d  m o s tly  on 
E phem erop tera  (8C^ in  one sam ple) and th e  m o u th p a rts  o f R . a cc ro p ed es  
(50^) w ere found  in  a n o th e r  sam p le , P a rap sy ch e  e l s i s . though  found  t o  
c o n ta in  v e g e ta t io n  in  one sam ple , f e d  m o s tly  on A l lo p e r la  nymphs (605^), ^
B a e t is  b ic a u d a tu s  nymphs (2 5 ^ ) , H ydropsych idae  l a r v a ,  u n id e n t i f i e d  
T r ic h o p te r a  (up  t o  8 0 ^ ) , and some T en d ip ed id ae  l a r v a ,  E peorus s p , ,  
R i th ro g e n ia  r o b u s ta . R h v a co p h ila  t u c u la  w ere a ls o  found  p re s e n t  in  th e  
g u t  o f  P . e l s i s . R h v aco p h ila  a cc ro p e d e s  a t  s i t e  5 f e d  on o rg a n ic  
d e t r i t i s  and an im al m a te r i a l  (up  t o  8 0 ^ ) . At s i t e  2 , t h i s  i n s e c t  
v a r ie d  i t s  d i e t  by  fe e d in g  on d ia to m s , P le c o p te r a  nymphs, and 
T r ic h o p te r a  la rv a e  a s  w e l l  a s  o rg a n ic  d e t r i t i s .
N e a r ly  a l l  s p e c ie s  exam ined c o n ta in e d  m in e ra l  p a r t i c l e s  i n  th e  
g u t .  I t  i s  p o s s ib le  t h a t  th e s e  p a r t i c l e s  a id  in  th e  g r in d in g  a c t io n  
o f  th e  m idgu t, th e re b y  h e lp in g  to  red u ce  th e  mass o f  in g e s te d  m a te r i a l  
i n  p r e p a r a t io n  f o r  d ig e s t i o n .
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Table 4 .  R e s u lts  o f th e  g u t a n a ly s e s  o f  a q u a t ic  i n s e c t s  from  s i t e  2,
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Table 5» Results of the gut analyses of aquatic insects from site 5
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Fig. 1. Nymphal mouthparts, ventral view, of mandibles and maxillae 
of Arcvnoptervx bradlevi. A. watertoni.
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.20mm
L- ,1
Arcynopteryx bradlevi
A rcynopte ryx  w a f e r to n l
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Fig. 2, Nymphal mouthparts, ventral view, of mandibles and maxillae of 
Nemoura havsii. N. columbiana. and N. cataraota**_
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,50mm
A lloper la  borea l is - f ide l is
/
Paraperla  frontalis
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F ig .  4 .  Nymphal mouthparts, ventral view, of mandibles and maxillae of Isoperla ebria. I. sordida.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
78mm
I s o p e r l a  e b r io
i
5 0m m
I s o p e r l a  sordida
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F i g .  5 .  Nymphal mouthparts, ventral view, o f  mandibles and maxilla» of Peltaperla brevis.
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P e lta p e r la  b r e v is
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F ig *  6 .  L a r v a l  m o u th p a r ts ,  and a n a l  p r o le g  o f  t h e  g e n u s  R h v a c o p h ila  
( T r i c h o p te r a ) ,  ( a )  R* a c c r o p e d e s . (b )  R . ange l i t  a . R , t u c u l a . 
(d )  R . h v a l i n a t a . ( e )  R . v a c c u a . ( f )  R . v e r r u l a *
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F i g ,  7 .  Nymphal m o u th p a r ts  o f  members o f  th e  E p h e m e ro p te ra  fo u n d  in
W ilb u r  C re ek ; ( a )  E p h e m e re lla  d o d d s i i . v e n t r a l  v iew  o f  m and ib les; 
m a x i l la e ;  (b )  B a e t i s  b i c a u d a t u s . v e n t r a l  v iew  o f  m a n d ib le s ;
(c )  E p h e m e re lla  c o l o r a d e n s i s . v e n t r a l  v ie w  o f  m a n d ib le s ,m a x il la e ;
(d )  E p e o ru s  d e c e p t i v u s . v e n t r a l  v iew  o f  m a n d ib le s ;  ( d ) R ith ro g e n ia  
r o b u s t a . v e n t r a l  v iew  o f  m a n d ib le s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 2
6  mm
5 mm
1 .0  mm
.5m m
5 mm
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
F i g .  8 .  Mymphal m o u th p a r ts  o f  E p ih em ero p te ra  fo im d  i n  W ilb u r  c r e e k :
( a )  C inygm ula s p . ,  m a n d ib le s ,  v e n t r a l  v ie w ; ( b )  C inygm ula  s p .  
l e f t  m an d ib le  e n la r g e d  t o  show a r ra n g e m e n t o f  combs on th e  
m e d ia l s u r f a c e . ( c )  E p e o ru s  g r a n d i s . m a n d ib le s ,  v e n t r a l  v ie w .
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S t a t i s t i c a l
The v a lu e s  f o r  th e  p h i  c o e f f i c i e n t  ran g ed  betw een 0 .000  and 1 .0 0 0 ,
A v a lu e  o f 1 ,0 0 0  in d ic a t e d  t h a t  th e  two s p e c ie s  were found  to g e th e r  
100^ o f  th e  t im e , and a  v a lu e  o f 0 .000  t h a t  th e  s p e c ie s  were n ev er 
fo u n d  to g e t h e r .  E ach  s p e c ie s  was g iv e n  a  number f o r  i d e n t i f i c a t i o n  
p u rp o s e s . The p h i c o e f f i c i e n t  was c a lc u la t e d  by com puter u s in g  th e  
program  a p p e a rin g  in  Appendix A. T h is  program  c l u s t e r s  th e  s im i la r  
c o e f f i c i e n t s  in  th e  d a ta  o u tp u t .  From th e s e  d a ta  i t  was r e l a t i v e l y  
s im p le  t o  c o n s t r u c t  dendrogram s t o  d i s p la y  a s s o c ia t io n s  among th e  
i n s e c t s .  G roups o f  i n s e c t s  o c c u r r in g  to g e th e r  a t  any g iv en  l e v e l  o f 
a s s o c i a t io n  were te rm ed  a g g re g a t io n s .  T a b le s  5 - 9  d i s p la y  th e  
a g g re g a t io n s  t h a t  o c c u rre d  p e r  s i t e .  These t a b l e s  d i s p la y  th e  n u m e ric a l 
a g g re g a t io n s  among th e  i n s e c t s  and w ere drawn d i r e c t l y  from  th e  
com puter p r in to u t  o f th e  p h i c o e f f i c i e n t s  i n  n u m e ric a l o rd e r  from  0 .000  
t o  1 .0 0 0 , I n  a d d i t io n ,  f o r  each  c l u s t e r  t h a t  o c c u rre d , th e  s p e c ie s  
w i th in  e ac h  c l u s t e r  w ere a l s o  p r in te d  in  o r d e r .  F o r exam ple, i f  a  
c l u s t e r  o f tw e lv e  p a i r s  sh o u ld  o c cu r a t  th e  .612 l e v e l  o f  a s s o c ia t io n ,  
th e  com puter would p r i n t  th o s e  p a i r s  in  o rd e r  a s  th e y  o c c u rre d  in  th e  
m a tr ix  ( i . e . ,  1 and 3 , 1 and 4 ,  1 and 5» 2 and 16 , 2 and 3 6 , 4 and 27,
12 and 16 , I 3  and 18 , 14 and 1 6 , 25  and 26 , 30 and 3 6 , 30 and 3 7 ) .
The p h i  c o e f f i c i e n t s  can be re a d  f ro m 'th e  a g g re g a tio n  t a b l e s .  
A lthough  th e s e  t a b l e s  w ere d e s ig n e d  to  d i s p la y  a g g re g a t io n s ,  th e  p h i 
c o e f f i c i e n t  o f any p a i r  o f s p e c ie s  above th e  .2 5 0  l e v e l  can be e a s i l y  
r e a d .  The t a b l e  r e l a t e s  from  th e  bo ttom  row o f  d i g i t s  b e g in n in g  a t  
t h e  1 .0 0 0  l e v e l .  When no a s s o c ia t io n s  o c c u rre d  a t  th e  1 ,000  l e v e l ,  th e n  
th e  g ra p h  i s  r e a d  from  th e  n e x t l e v e l  up a s  a l l  num bers r e l a t e  from  th e  
b o tto m  number o f  th e  h ig h e s t  l e v e l  o f a s s o c i a t io n .  A l l  numbers r e l a t e
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T a b le  6 .  T a b le  o f  p h i  c o e f f i c i e n t s  show ing  a g g r e g a t io n s  o f  s p e c i e s  a t  
s i t e  2 ,  F o r  s p e c i f i c  i d e n t i f i c a t i o n  s e e  T a b le  1 2 .
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o n ly  t o  th e  num bers in  t h a t  column and n o t i n  a d ja c e n t  row s. For 
exam ple , a t  s i t e  2 , th e  s p e c ie s  r e l a t i n g  l e v e l  ,6 6 ?  t o  s p e c ie s  8 
a r e  num bers ( s p e c ie s )  24 and 28 . F o r s p e c ie s  ? a t  th e  .6 6 ?  l e v e l ,
i n  w hich  th e r e  a re  no c o r r e l a t i o n s  a t  th e  1 ,0 0 0  l e v e l ,  one sh o u ld  re a d
th e  num bers up from  th e  h ig h e s t  l e v e l  o f a s s o c i a t io n .  S p e c ie s  No, 29
w i l l  c o r r e l a t e  a t  th e  ,612  l e v e l  w ith  s p e c ie s  7 o n ly . S p e c ie s  n o s ,
21 , 13 , 11 , 10 , and 9 a l l  c o r r e l a t e  w ith  s p e c ie s  7 , b u t  a t  th e  ,408 
l e v e l .  They do n o t  i n d ic a t e  c o r r e l a t i o n  w ith  each  o th e r .  These t a b l e s  
e l im in a te  th e  n e c e s s i t y  o f  w orking  w ith  lo n g  l i s t s  o f  num bers.
Dendrogram s
A ll  dendrogram s w ere  c o n s t ru c te d  from  th e  h ig h e s t  l e v e l  o f 
a s s o c i a t i o n .  U s u a lly  a  number o f  p a i r s  ap p ea red  a t  th e  1 ,000  l e v e l .
A t s i t e  4 ,  how ever, o n ly  s p e c ie s  1 and 2 ap p ea red  a t  th e  1 ,000  l e v e l ,  
a s  opposed t o  s i t e  6 w hich  e x h ib i te d  s ix te e n  p a i r s  o f s p e c ie s  
a s s o c i a t in g  a t  th e  1 .0 0 0  l e v e l .  I t  sh o u ld  be n o te d  t h a t  a l l  o f  th e s e  
p a i r s  d id  n o t n e c e s s a r i l y  a s s o c ia te  w ith  each  o th e r  ( i . e . ,  (24 , 21 , 25) 
a s s o c ia t e d  to g e th e r ,  and (22 , 3^ , 16 , 2 3 , and 1 ^  a s s o c ia te d  t o g e t h e r ) .  
The s p e c ie s  in  each  g roup  (a g g re g a t io n )  a s s o c ia te d  w ith  members o f  t h a t  
p a r t i c u l a r  g roup  ( a g g re g a t io n )  b u t  th e  two m ajor a g g re g a tio n s  a s s o c ia te d  
w ith  each  o th e r  o n ly  a t  th e  ,667  l e v e l  o f a s s o c i a t io n .
The a s s o c ia t io n s  become l e s s  and l e s s  s i g n i f i c a n t  a s  one app roaches 
0 .0 0 0 , I n  t h i s  s tu d y  th e  ,250  l e v e l  was u sed  as a  c u to f f  p o i n t .  Beyond 
t h i s  p o in t ,  th e  a s s o c ia t io n s  app roach  i n s i g n i f i c a n c e .  From th e  a g g re ­
g a t io n  t a b l e s ,  dendrogram s w ere c o n s t ru c te d  and th e  r e s u l t s  a p p ea r in  
F ig u re s  9 - 1 3 *  Each s i t e  was found  t o  e x h ib i t  p a r t i c u l a r  a g g re g a t io n s .
S i t e  2 (F ig .  9) e x h ib i te d  f i v e  sm a ll  g roups a s s o c ia t in g  a t  th e
1 .0 0 0  l e v e l .  They w ere : ( 3 6 , 37) ,<24 , 28) ,< 1 1 ,2 1 ,1 0 ,9 )  , ( 8 ,2 0 ) ,
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1]^ .  They th e n  form ed a  complex w ith  s p e c ie s  2 (Nemoura h a v s i i ) 
a t  th e  .667  l e v e l ,  and w ith  ^7» 3i 29^ a t  th e  ,612 l e v e l .
S i t e  3 ( F ig .  10) was found  to  c o n ta in  two s p e c i f i c  com plexes.
One a g g re g a t io n  o c c u rre d  a t  th e  1 ,000  l e v e l  and in c lu d e d  th e  s p e c ie s :
^7, 33» 39» 30 , 3^ , 2 9 , 26 , 22 ^ . One s m a lle r  a g g re g a t io n , ^21, 25^ , 
a s s o c ia t e d  w ith  th e  fo llo w in g  complex a t  th e  . 6 6 ? l e v e l :
^24, 3 I )  2 3 , 3 2 , 2 0 , 1 2 , 2 , 17^ , fo rm ing  th e  second  o f th e  two s p e c i f i c  
com p lexes.
S i t e  4 ( F ig ,  11) e v id e n c e d  two m ajo r s p e c i f i c  com plexes,
^1 , 2̂  a s s o c ia te d  a t  th e  1 .0 0 0  l e v e l ,  a t ta c h e d  t o  a  l a r g e r  complex in  
i t s e l f  o c c u rr in g  a t  th e  .667  l e v e l .  S p e c i f i c a l l y  t h i s  complex i s  
composed o f th e  fo llo w in g  a g g re g a t io n :  ^2 5 , 3 0 , 24 , 23 , 2 0 , 17, 2 1 , 6 , 5 )  
The second  com plex o c c u rre d  a t  th e  .612 l e v e l  and i s  composed o f th e  
aggregation ( 3 8 , 29, 37, 34, 32 , 27 , 26, 3I, 22, 7, 3).
S i t e  5 ( F ig .  12) ap p ea re d  t o  form  no m ajor s p e c i f i c  com plexes. 
H ow ever, a t  l e a s t  f o u r  a g g re g a t io n s  o c c u rre d  a t  th e  1 .000  l e v e l .
They in c lu d e d  ( 3 0 , 31)»  (26 , 29 , 24, 17 , 23» H )  . (6 , 20) , ( 2 , 3)  .
A l l  a s s o c ia te d  w ith  each  o th e r  a t  th e  .667  l e v e l .
S i t e  6 ( F ig .  1 3 ) p re s e n te d  an i n t e r e s t i n g  developm ent i n  t h a t  
th e  a g g re g a t io n s  o c c u rre d  a t  a  r e l a t i v e l y  low  l e v e l  and ap p ea red  t o  
fo rm  r a t h e r  d i s t i n c t  com plexes. F iv e  a g g re g a tio n s  o c c u rre d  a t  th e
1 .0 0 0  l e v e l : ( 2 4 , 3 I .  25)  , ( 2 2 ,  3 4 , 16 , 29 , I 3)  , ( 4 ,  32) , ( 3 .  3 ^  3 5 ) .
The first two a s s o c ia te d  to g e th e r  a t  th e  ,667 l e v e l  and th e  l a t t e r  
three a l s o  a t  th e  .667 l e v e l .  A s s o c ia t io n  betw een th e  two g roups 
o c c u r re d  o n ly  a t  th e  .250 l e v e l ,  w hich i s  r e l a t i v e l y  i n s i g n i f i c a n t .  
Another complex a t  th e  .6 6 7  level was form ed by two l i t t l e  a g g re g a t io n s :  
(2 6 , 21)  an d ( 2 0 , 7)'which th e n  a s s o c ia te d  w i th ( 3 9 »2 9 , 27) a t  th e  .612  l e v e l .
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F ig .  9. Dendrogram showing specific occurrence among aquatic insects at site 2,
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Ti f f , 10, Dendrogram showing specific occurrence among aquatic insects at site
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Fig. 11, Dendrogram showing specific occurrence among aquatic Insects at site 
For specific identification see Table 12
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Fig. 12. Dendrogram showing specific occurrence among aquatic insects at site 5,
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Fig. 13» Dendrogram showing specific occurrence among aquatic insects at site For specific identification see Table 12
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S i m i l a r i t y  C o e f f ic ie n t  (S)
The r e s u l t s  o f  th e  S c a l c u l a t i o n s  a p p e a r  in  F ig u re  6 a .
The r e s u l t s  i n d ic a t e  g r e a t e s t  s i m i l a r i t y  o c c u rre d  betw een s i t e s  4 ,
5 t and 6 , w ith  s i t e  3 b e in g  in te rm e d ia te  and s i t e  2 m ost d i s s i m i l a r  
(F ig u re  6b) • The dendrogram  drawn from  th e  S c o e f f i c i e n t s  in d ic a te s  
t h a t  e a c h  s i t e  a s s o c i a t e s  m ost c lo s e ly  w ith  i t s  a d ja c e n t  s i t e s ,  
r e s u l t i n g  i n  th e  s t a i r s t e p  p a t t e r n  seen  i n  F ig u re  7*
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F ig .  l 4 .  ( a )  c a l c u l a t e d  v a lu e s  o f  th e  s i m i l a r i t y  (S ) in d e x .
(b )  D iagram  show ing th o s e  s i t e s  m ost s i m i l a r ,  l e a s t  
s i m i l a r ,  and th o s e  o f  i n te r m e d ia te  s i m i l a r i t y .
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F i ç .  15» G raph d i s p la y in g  th e  (S ) in d e x  i n  d en d ro g ram  fo rm .
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DISCUSSION
B airring  a l t e r a t i o n  by man, c e r t a in  e lem en ts  o f th e  s tream  
( i . e . ,  s u b s tra g e  c o m p o s itio n , w a te r  te m p e ra tir re , sgream  le n g th ,  and 
w a te r  c h e m is try )  w i l l  rem ain  c o n s ta n t .  O th e r f a c t o r s  such  a s  w id th , 
d e p th ,  and flo w  p a t t e r n s  may f l u c t u a t e  a s  o f te n  as th e  y e a r ly  snow 
r u n o f f .  The a b io t i c  e le m e n ts  o f  th e  sy stem  d i c t a t e  th e  p a t t e r n s  t h a t  
th e  b i o t i c  e le m e n ts  assum e. The r e s u l t s  o f t h i s  in v e s t i g a t io n  in d ic a t e  
t h a t  p a r t i c u l a r  a g g re g a t io n s  o ccu r among th e  s p e c ie s  o f  th e  a q u a t ic  
i n s e c t s .  From taxonom ic and s t a t i s t i c a l  d a ta  we w ere a b le  t o  d e f in e  th e  
s p e c i f i c  o c c u rre n c e  in  th e  s tre a m  d u r in g  th e  summer and f a l l  m onths.
From th e s e  d a ta  i t  seems p ro b a b ly  t h a t  one c o u ld  p r e d ic t  th e  s p e c ie s  
s t r u c t u r e  t o  be s im i l a r  u n d e r s im i la r  a b i o t i c  c o n d i t io n s .  Gut a n a ly s e s  
a llow ed  d e f i n i t i o n  o f  fo o d  s o u rc e s  w hich w ere u t i l i z e d  in  th e  s tre a m , 
as w e l l  a s  r e l a t i v e l y  p r e c is e  d e f i n i t i o n  o f th e  fo o d  s p e c i f i c i t y  o f  
i n d iv id u a l  s p e c ie s .  A g e n e r a l  id e a  was a l s o  o b ta in e d  o f  th e  s p e c i f i c  
c o m p o s itio n  o f  t r o p h ic  l e v e l s  e x i s t i n g  in  th e  s tre a m . From th e s e  d a ta  
we a l s o  g a in e d  some id e a  o f th e  n ic h e  r e l a t i o n s .  I n d iv id u a l  i n s e c t  
n ic h e s  w ere d e s c r ib e d  a t  g iv e n  p o in ts  i n  tim e  and w ere found  t o  f l u c t u a t e  
g e o g ra p h ic a l ly .  B ecause a lg a e ,  p a r t i c u l a r l y  th e  d ia to m s , e x h ib i t  
s u b s t r a t e  p r e f e r e n c e ,  ( P r e s c o t t ,  1 9 6 7 ), adherence  t o  a  p a r t i c u l a r  food  
so u rc e  by an i n s e c t  may in d ic a t e  s u b s t r a t e  s p e c i f i c i t y .  U sing b o th  
s t a t i s t i c a l  and d i e t a r y  d a ta ,  changes w ere d e te c te d  in  th e  s p e c i f i c  
com plex a s  a  r e s u l t  o f  n a t u r a l  changes i n  th e  e n v iro n m en t. Because 
th e r e  i s  l i t t l e  o p p o r tu n ity  f o r  ch em ica l o r  b i o lo g i c a l  ag ing  o f th e
73
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■water i n  a lp in e  s i t u a t i o n s ,  th e  p rim ary  p r o d u c t iv i ty  o r  a b i l i t y  o f th e  
sy s tem  t o  su p p o r t b iom ass i s  a t  i t s  lo w e s t a t  th e  h e a d w a te rs . T h e re fo re  
i t  a p p e a rs  t h a t  a  p ro g re s s iv e  change in  a s s o c ia t io n  and s p e c i f i c  
o c c u rre n c e  o c cu rs  a s  a  r e l f e c t i o n  o f s u b s t r a t e  change and g ra d u a l 
in c r e a s e  i n  p rim a ry  p r o d u c t iv i ty  as one p ro g re s s e s  away from  th e  head ­
w a te r s .  Changes i n  n ic h e s  a re  r e f l e c t e d  by  s h i f t i n g  s u b s t r a te  a t  th e  
low er s i t e s  3 â nid 4  w hich removed o r a l t e r e d  e x i s t i n g  n ic h e s .  N a tu ra l  
changes w hich o c c u rre d  in  th e  community s t r u c tu r e  r e f l e c t e d  g r a d ie n t  
change from  h e ad w a te rs  t o  th e  v a l l e y  f l o o r .  The s u b s t r a t e ,  most 
p r im i t iv e  a t  th e  u p p e r s i t e ,  e x h ib i te d  s h e e ts  o f a r g e l l i t i c  b ed ro ck , 
w ith  a  few  b o u ld e r s  and ro c k s ,  b u t l i t t l e  o r  no ru b b le  p r e s e n t .
The m ost e v o lv e d  o r  e roded  s u b s t r a t e  o c cu rs  th e  f a r t h e s t  d is ta n c e  from  
th e  h e ad w a te rs  a t  s i t e  5« A d e f i n i t i v e  community g r a d ie n t  o c c u rs  in  
re sp o n se  t o  t h i s  s u b s t r a t e  g r a d ie n t  i n  W ilb u r G reek . The most p r im i t iv e  
community o c cu rs  a t  th e  o u t l e t  o f  th e  la k e  and th e  m ost advanced a t  th e  
s i t e  j u s t  above th e  campground ( s i t e  5)» The d i e t s  o f  th e  s p e c ie s  in  
th e  o u t l e t  community a re  o f  a  g e n e ra l iz e d  n a tu re  ( r e f e r  to  T a b le s  10 
and 1 1 ) .  The most common fo o d  so u rc e s  a re  o rg a n ic  d e b r i s ,  d ila m en to u s  
a lg a e ,  d ia to m s , and an im al m a t e r i a l .  The s p e c ie s  a t  t h i s  l e v e l  u t i l i z e  
a  w id e r  v a r i e t y  o f fo o d  so u rc e s  p e r  s p e c ie s .  At t h i s  p o in t ,  th e  
p rim a ry  p r o d u c t iv i ty  o f  th e  s tre a m  i s  v e ry  low , and n ic h e  s p e c i a l i z a t io n  
l e a s t  d e v e lo p e d . The in c r e a s e  in  s p e c ie s  d i v e r s i t y  and a p p a re n t t r e n d  
tow ard  a  s p e c i a l i z e d  d i e t  i n d ic a t e  an in c r e a s e  in  th e  p rim ary  p roduc­
t i v i t y  o f th e  s tre a m . The i n s e c t s  a t  th e  low er s i t e  w ere found to  
e x h ib i t  a  more s p e c ia l i z e d  d i e t  th a n  th e  same s p e c ie s  a t  th e  h e a d w a te rs . 
The dow nstream  community e x h ib i te d  a  more d iv e r s e  sp e c ie s -c o m p le x , 
Nemoura Colum biana and N, h a y s i i  a t  th e  o u t l e t  s i t e  w ere found t o  fe e d  on
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d ia to m s , f i la m e n to u s  a lg a e ,  and o rg a n ic  d e b r i s ,  w hereas th e  d i e t  a t  
lo w er s i t e  5 c o n s i s te d  e n t i r e l y  o f o rg a n ic  d e b r i s .  The a l l o p e r l i d  
s t o n e f l i e s  a t  th e  o u t f a l l  community s u b s i s t e d  m ain ly  on o rg a n ic  d e b r i s ,  
p o l le n ,  f i la m e n to u s  a lg a e ,  and some an im a l m a te r i a l .  At th e  low er 
s i t e  5» th e  a l l o p e r l i d s  f e d  on o rg a n ic  d e b r i s ,  and to  a  much g r e a t e r  
e x te n t  on an im al m a te r i a l ,  p a r t i c u l a r l y  th e  P le c o p te r a .
Among th e  m a y f l ie s ,  Cinygm ula s p . ,  i n  th e  o u t l e t  community f e d  on 
d ia to m s , f i la m e n to u s  a lg a e ,  and b ry o p h y te s . At th e  low er s i t e ,  th e y  
e x h ib i t e d  a  d i e t  l im i te d  t o  o rg a n ic  d e b r i s .  B a e t is  b ic a u d a tu s  a t  th e  
u p p e r s i t e  s u b s is t e d  m ain ly  on o rg a n ic  d e b r i s ,  d ila m e n t ous a lg a e ,  and 
some b ry o p h y te  m a t e r i a l .  At th e  low er s i t e ,  stom achs w ere found  t o  
c o n ta in  o n ly  o rg a n ic  d e b r i s .  R h y aco p h ila  a cc ro p ed es  a t  th e  u p p e r s i t e  
f e d  m a in ly  on o rg a n ic  d e b r i s ,  some an im al m a te r ia l  (T r ic h o p te ra  and 
P le c o p te r a ) ,  and some d ia to m s . At th e  lo w er s i t e ,  th e  d i e t  c o n s is te d  o f 
o rg a n ic  d e b r i s ,  and t o  a  much g r e a t e r  e x te n t  an im al m a te r i a l ,  b u t  no 
d ia to m  m a te r i a l  was fo u n d .
P a t te r n s  o f  s p e c i f i c  o c cu rren c e  r e v e a le d  t h a t  th e  upper s i t e  
su p p o r te d  a  t o t a l  o f se v e n te e n  s p e c ie s ,  w h ile  th e  low er s i t e  5 
c o n ta in e d  tw e n ty - f iv e  s p e c i e s .  T^-^elve s p e c ie s  w ere common t o  b o th  s i t e s .  
The s p e c ie s  found  to  be common to  b o th  s i t e s  (T ab le  11) in c lu d e d  
h e r b iv o r e s ,  c a r n iv o r e s ,  and om nivores and seemed t o  se rv e  as a  "co re "  
com m unity, and was found  p e r s i s t e n t l y  a t  a l l  s i t e s .  The upper s i t e ,  
s im p le r  in  s t r u c t u r e ,  c o n ta in e d  th r e e  s p e c ie s  t h a t  d id  n o t o ccu r i n  th e  
lo w er s e c t io n .  They w ere A rcynop te ryx  b r a d l e y i . Iso g e n u s  a e s t i v a l i s . 
and R h y a co p h ila  a n g e l i t a .  T h is  s i t e  e x h ib i te d  a  community dom inated  
by  s t o n e f l i e s  w ith  o v e r $0^ o f  th e  i n s e c t  s p e c ie s  b e lo n g in g  to  th e  o rd e r  
P le c o p te r a .  T here  was a  la c k  o f  m a y f l ie s ,  p a r t i c u l a r l y  th e  c a rn iv o ro u s
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fo rm s E p h e m e re lla  c o lo r a d e n s is  and A m eletus s p .  I t  i s  p o s s ib le  t h a t  
th e s e  form s re p la c e d  e i t h e r  A rcynop te ryx  b r a d le y i  o r  Iso a en u s  a e s t i v a l i s  
a s  c a r n iv o r e s .  Among th e  h e rb iv o r e s ,  E peorus d e c e p t lv u s . E peorus 
g r a n d i s . and  E p h em ere lla  c o lo ra d e n s is  ap p ea red  a t  s i t e  3 and were 
p e r s i s t e n t  from  th e r e  on dow nstream . These added h e rb iv o re s  may 
r e f l e c t  an in c r e a s e  in  th e  p rim a ry  p r o d u c t iv i ty  below  th e  o u t l e t  o f  th e  
l a k e .  O ften  members o f  p r im i t iv e  com m unities (T ab le  11) a re  p io n e e r  
fo rm s , u n a b le  t o  com pete in  more p ro d u c tiv e  s i t u a t i o n s .  I t  i s  
su g g e s te d , t h e r e f o r e ,  t h a t  A, b r a d l e y i . I ,  a e s t i v a l i s , and R , a n g e l i t a  
in  t h i s  s tre a m  a re  p io n e e r  fo rm s, o n ly  found  in  th e  most p r im i t iv e  o f 
th e  ru n n in g  w a te r  co m m u n ities . The a b i l i t y  o f th e  system  t o  h a n d le  
an in c r e a s e d  number o f h e rb iv o re s  and in c re a s e d  number o f c a rn iv o re s  
was in d ic a te d  by  an in c r e a s e  in  th e  number o f T r ic h o p te ra n  s p e c ie s :  
R h y a co p h ila  h y a l i n a t a . R. t u c u l a . R . v a c c u a . P arapsvche  e l s i s . and 
A rc to p sv ch e  g r a n d i s . The d a ta  i n d ic a t e  t h a t  community s t r u c tu r e  i s  a 
d i r e c t  f u n c t io n  o f s u b s t r a t e  e v o lu t io n  and c o rre sp o n d in g  developm ent 
o f  th e  p rim a ry  p r o d u c t iv i ty .
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I n  J u n e , 1972, a  s tu d y  was u n d e rta k e n  t o  d is c o v e r  and d e s c r ib e  
th e  coirm unity  s t r u c tu r e  and g r a d ie n t  among th e  b e n th ic  a q u a t ic  in s e c t s  
i n  W ilb u r C reek  i n  th e  Many G la c ie r  V a lle y  o f  G la c ie r  n a t io n a l  P a rk , 
M ontana,
The s tre a m  was sam pled w ith  a  hand sc re e n  d u rin g  th e  summer of 
1 9 7 2  and once th e  fo l lo w in g  s p r in g ,
A t o t a l  o f f o r t y  s p e c ie s  w ere i d e n t i f i e d  and t h e i r  o ccu rren ce  
was t a b u l a t e d .  The p r o b a b i l i t y  o f  o c cu rren c e  of any g iv en  s p e c ie s  w ith  
any o th e r  s p e c ie s  was c a lc u la t e d  by u s in g  th e  c o r r e l a t io n  c o e f f i c i e n t  
p h i .  The c a lc u la t e d  v a lu e s  w ere th e n  d is p la y e d  in  dendrogram s by 
u s in g  th e  unw eigh ted  p a i r  g roup  m ethod to  show s p e c i f i c  o ccu rren ce  
among th e  s p e c ie s .
G ut sam ples w ere a n a ly ze d  t o  d is c o v e r  b io lo g ic a l  a s s o c ia t io n s ,  A 
s u b s t r a t e  g r a d ie n t  e x i s t s  in  W ilb u r C reek , The l e a s t  d ev e lo p ed  o c c u rre d  
a t  th e  h e a d w a te rs . At l e a s t  t h r e e  i n s e c t  ta x a ,  A rcynop teryx  b r a d l e y i . 
( P le c o p te r a ) ,  Iso g e n u s  a e s t i v a l i s  ( P le c o p te r a ) ,  and R h y aco p h ila  a n g e l i t a  
(T r ic h o p te r a )  a re  p io n e e r  fo rm s, a s  th e y  w ere found  o n ly  a t  th e  h ead w ate r 
s i t e .  An in c r e a s e  in  p rim a ry  p r o d u c t iv i ty  in  th e  dow nstream  s i t e s  
was accom panied by an in c r e a s e  i n  th e  number o f  h e rb iv o re s ,  a  
c o rre sp o n d in g  r i s e  i n  th e  number o f p r e d a to r s ,  and s h i f t  in  d i e t  from  
g e n e r a l  t o  s p e c i f i c .
I t  i s  su g g e s te d  th e r e f o r e  t h a t  community s t r u c tu r e  i s  a  d i r e c t  
f u n c t io n  o f  s u b s t r a t e  e v o lu t io n  and a  c o rre sp o n d in g  developm ent o f 
p rim a ry  p r o d u c t iv i t y ,
77
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Table 11. Table showing species specific to sites 2 and 5 .  species common 
to both, and the trophic levels of the species involved.
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C“  C arnivore  
h= H erbivore  
0= Omnivore 
0-0=  C arnivorous omnivore
"Core Community"
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Nemoura h a y s i i  h
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N o te : A l e v e l  o f  c -o  was a s s ig n e d  to  an anim al whose gu t wsls found to
c o n ta in  a g r e a te r  p e r ce n t o f  anim al than p la n t  m a te r ia l .  T h is  
d is t in g u is h e d  i t  from  an anim al whose gu t co n ta in ed  p la n t m a te r ia l  
and much o rg a n ic  d e t r i t i s .  O r d in a r ily  th e  l a t t e r  would a ls o  be 
c o n s id e r e d  an om nivore.
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Table 12, Trophic levels of aquatic insects occurring in Wilbur creek.
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'ooocî6ooob6oooèéoooà{)ooob6oooèooooooooooooooooooooooooo
I ^  J  4  *  t  1  *  ^  n  f  ' f  i r  « h t t  t »  j v a ^ j r i f a
111111111111111111111111111111111111111111111111111
22222222222222222222222222222222
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Column 1 - 4  S p e c ie s  number
S i t e s :
2 -  Col 4 -9
3 -  c o l  10-14
4 -  c o l  15-19
5 -  c o l  20-24
6 -  c o l  2 5 -2 9
At each  s i t e  f i v e  colihrnns w ere u se d :
Column one , J u ly  sam ple ? / l 7 .
Column tw o , J u ly  sam ple ?/25«
Column th r e e ,  Aw;usb sam ple 8 /4 .
Column fom -, Sep tem ber sam ple 9 /1»
Column f i v e ,  O c to b er sam ple 1 0 /2 ,
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8 4
REAL X (39 ,4# )
IHTEIER ROW(1000) 
l îi  mGER COL(1000)
REAL SORT(1000)
IMTEIER OCC(40,25)
KIN-2 
KOU'L' = 3
VmiTE (K0U r,3)
READ (K IN ,2) M,N 
2 FORMAT(212)
READ (K IN .l)  ( ( 0 C G ( I ,J ) ,J = 1 .2 5 ) ,  1=1,40)
1 FORMAT(4X,2511)
DO 10 1= 1 ,39  
K=I+1
DO 10 J=K ,40
A-0
B-0
D=0
DO 11 L-M,M
IF  (0 C G (I,L )-0C G (J,L )) 1 2 ,1 3 ,1 2  
13 IF  (0 C C (I,L )) 1 5 ,1 5 .1 6
15 D-D+1 
30 TO 11
16 A=A+1 
00  TO 11
12 IF  (0G G (I,L )) 1 7 ,1 7 ,1 8
17 B-B+1
00 ro 11
18 C-G+1
11 CON riN U E
S Q -((A+B)*(G+D)*(A+C)*(B+D)
IF  (SO .NE. 0)  GO ro  19
P IiI-0
GO i’O 10
19 PHI»ABS(B*C-A*D)/SQRT(SQ)
X (I,J )= P H I
i g f  CONTINUE
3 FORMAT(IHl, 'SPECIES BEING COMPARED* 9X * PHI ' )
M=1
DO 101 1= 1 ,39  
DO 101 J = l ,4 0  
IF (I .G E .J )G 0  TO 101 
IF  (X ( I ,J ) .E Q .^ )  GO TO 101 
S0RT(M )=X(I,J)
Ra-f(M)=I
COL(M)*^
M=M+1 
101 CON PINUE
J=M-2 
99 J= J -1
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DO U32 K=1,J 
Yl=SORr(K)
Y2-S0Rr(K+l) 
lF(Yl.LE,Y2)aO ro 102 
S0RP(K)-Y2 
SORr(K+l)-Yl 
Yl-ROW (K)
R0W(K)=R0W(K+1)
RW(K+1)-Y1
Y2=C0L(K)
C0L(K)=C0L(K+1)
C0L(K+1)=Y2 
102 CONriNUE
i f (j .CtlM ) go ro 99
VIRIl’E (K0UL\31) (R 0 W (I),C 0 L (I) ,S 0 R T (I),I= 1 ,N -1 )
31 F0R M A r(lH ,5X .I2 ,' AND 'X 2 ,l6 X ,F 5 .3 )
CALL EXir 
END
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